History and Physical Examination
An 18-year-man presented to a tertiary orthopaedic oncology referral center with a 1 1 .
2-year history of right thigh pain. He had no history of trauma or constitutional symptoms such as fevers, chills, or night pain. He described the intensity of pain as unchanged since its onset; it occurred mainly with walking or physical activity and was improved with the use of NSAIDs. Previous treatment with physical therapy resulted in no improvement. His medical and surgical histories were noncontributory. There was no family history of medical illnesses; in particular there was no history of cancer or other musculoskeletal diseases. On physical examination, he was a well-appearing man in no acute distress. He ambulated with an antalgic gait favoring the right leg. Musculoskeletal examination revealed his right lower extremity to have normal neurologic and vascular findings. No palpable mass or localized area of tenderness was present, and ROM of the hip and knee were normal. Radiographs ( Fig. 1 ) and MRI (Fig. 2) were obtained. The remainder of his examination and complete blood count and inflammatory markers were normal.
Imaging Interpretation
Radiographs of the right femur showed a 4.6-cm long surface lesion involving the medial cortex of the proximal femur ( Fig. 1 ). The lesion was located approximately 3.5 cm distal to the lesser trochanter. It was a well-circumscribed radiolucent lesion with a narrow zone of transition and no internal matrix. There was well-organized, thick, periosteal new bone formation proximal and distal to the lesion.
On MR images (Fig. 2 ) the lesion was confined solely to the cortical bone; there was no extension into the medullary canal. The lesion had a signal isointense to muscle on the T1-weighted sequence and hyperintense on the T2-weighted sequence. Just distal to the surface lesion, there is abnormal bright signal on the T2-weighted coronal MR image ( Fig. 2) , which may represent either edema or tumor.
The radiographic appearance of the lesion was consistent with a nonaggressive process.
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Differential Diagnosis

Periosteal chondroma Periosteal chondrosarcoma Nonossifying fibroma/fibrous cortical defect Lymphoma of bone Subacute osteomyelitis Langerhans cell histiocytosis
Because of the nonaggressive radiographic characteristics and the high suspicion that this was a benign entity, the patient was taken to the operating room and an open biopsy with frozen section was performed. The frozen section confirmed a benign diagnosis so we proceeded with complete curettage of the lesion (Fig. 3 ).
Based on the history, physical examination, laboratory studies, imaging studies, and histologic picture, what is the diagnosis and how should the patient be treated?
Histology Interpretation
Grossly, the tissue was soft and friable, and red-tan to yellow. Histologically, the tumor was composed of nodules of epithelioid spindle cells (Fig. 3A) . The cytoplasm was pale and eosinophilic. The nuclei were ovoid with prominent clefts and grooves; mitotic activity was not conspicuous (0 per 10 high power fields). Numerous eosinophils were interspersed throughout the lesion. Peripherally lymphoid follicles, aggregates of foamy macrophages and rare interspersed osteoclast-like giant cells were seen. Immunohistochemistry confirmed the presence of expression for S100, CD1a, and CD207 (langerin) ( Fig. 3B-D) .
Diagnosis
Langerhans cell histiocytosis
Discussion and Treatment
The clinical symptoms of Langerhans cell histiocytosis are quite variable and nonspecific [18] . Histopathologic confirmation is necessary for diagnosis because the clinical and imaging characteristics of Langerhans cell histiocytosis overlap with several other disease processes, including malignancy, infection, and other benign tumors of bone [11] . The clinical findings of our patient are consistent with the diagnosis of Langerhans cell histiocytosis. The radiographs showed a radiolucent lesion with a narrow zone of transition, indicative of a benign etiology.
Because this was a painful, diaphyseal cortical-based lesion in an 18-year old man, periosteal chondroma was thought to be the most likely diagnosis [3] . Periosteal chondromas (juxtacortical chondromas) are rare, benign, cartilage-forming tumors. They arise from the periosteum of the bone in children or young adults and erode into the cortex. Clinical features may include pain at the site of the lesion and a palpable, nontender, hard mass that is fixed to bone. On plain radiographs, periosteal chondromas appear as small, scalloped, radiolucent lesions on the outer surface of the cortex in the metaphysis or diaphysis as was seen on our patient's radiographs. Calcification is present in approximately 1 . 3 of cases [3] . Typically, periosteal reaction is minimal in periosteal chondroma; however, in our patient the periosteal new bone formation was thickly formed. Histologically, these neoplasms consist of hypocellular lobules of mature hyaline cartilage. The chondrocyte nuclei are small and may exhibit mild pleomorphism and conspicuous binucleation [2] . The histology confirmed that periosteal chondroma was not the diagnosis of our patient. The radiographic appearances of periosteal chondroma and periosteal chondrosarcoma are similar. Size has been reported to be the most significant differentiator, with periosteal chondrosarcomas generally being larger [20] . With the size of the lesion in our patient at 4.6 cm, periosteal chondrosarcoma also was included in the differential diagnosis. A nonossifying fibroma is a benign fibrous lesion that is known as a metaphyseal cortical defect or fibrous cortical defect [21] . It is thought to be a developmental defect in which areas that normally ossify are filled with fibrous connective tissue. Usually it is an incidental radiographic finding in adolescents and teenagers because it typically does not cause any symptoms. It is located most commonly in the metaphysis of the distal femur, followed by the distal tibia, and the proximal tibia. Large lesions may be associated with pathologic fracture [5] . On plain radiographs, nonossifying fibromas appear as well-defined, eccentric, expansile, lytic lesions, often described as having a ''soap bubble'' appearance, located in the metaphysis with scalloped sclerotic borders. MR images usually show the lesions to be of low signal intensity on T1-weighted and T2-weighted imaging. In our patient, the lesion was clearly located in the diaphysis, but had scalloped sclerotic borders. The MRI findings were not typical of a nonossifying fibroma. Additionally, the histologic analysis did not show the histopathologic findings typical of these entities, namely a cellular proliferation of fibroblasts with a storiform growth pattern and prominent interspersed osteoclasttype giant cells.
Primary lymphoma of bone is a rare group of tumors that account for fewer than 2% of all lymphomas in adults and approximately 3% to 9% of non-Hodgkin lymphoma cases in children [15] . Swelling, soft tissue mass, pathologic fracture, pain not relieved by rest, and systemic B-symptoms (ie, fever, weight loss, night sweats) also may be present at the time of diagnosis. Symptoms may persist for many months before the patient seeks medical attention [14] . Laboratory results can include anemia, thrombocytopenia, leukopenia, hypercalcemia, or elevated serum lactate dehydrogenase and erythrocyte sedimentation rate [15] . Radiographic findings in primary lymphoma of bone are nonspecific and have a highly variable appearance on plain radiographs. The appearance on MR images is homogeneously isointense with muscle on T1-weighted images and intermediate signal on T2-weighted images [9] . The results of the histopathologic examination are dependent on the subtype of lymphoma present. The most common primary non-Hodgkin lymphoma presenting in bone is a diffuse large B-cell lymphoma, which is characterized by destructive sheets of large and atypical lymphocytes. Less common subtypes include follicular lymphoma and anaplastic large cell lymphoma, in addition to other less common B-and T-cell lymphoma subtypes. Appropriate classification frequently depends on rigorous immunohistochemical analysis. Our patient lacked B-symptoms but clinical and radiographic findings would fit with the diagnosis, however the histomorphologic analysis excluded lymphoma. Diffuse large B-cell lymphoma typically lacks eosinophils, and consists of sheets of large and atypical lymphocytes. Our patient's immunohistochemistry showed immunoreactivity for S100, CD1a, and langerin, whereas diffuse large B-cell lymphoma generally is characterized by immunoreactivity for markers such as CD20, CD45, CD79a, and PAX5.
Subacute osteomyelitis, which is associated with a longer duration of symptoms, is observed most often in adolescents who present with pain and tenderness in the long bones such as the tibia and femur [7] . The pain is less severe, there is minimal fever, and there are few constitutional symptoms. Our patient lacked constitutional and nonmechanical symptoms, elevated inflammatory markers, and peritumoral edema on MR images. The typical histologic features of chronic inflammation, including lymphocytes, plasma cells, and neutrophils, were not found.
Langerhans cell histiocytosis is a rare histiocytic disorder most commonly characterized by single or multiple osteolytic bone lesions [8] . The true incidence of this condition is unknown as many instances of this disease are asymptomatic and thus not treated and confirmed with a histologic diagnosis. A male predominance has been described in some case series [1, 12] . The incidence seems to be higher in people of northern European descent than in people of African or Asian descent [13] . The clinical presentation of Langerhans cell histiocytosis may vary from a solitary lesion of bone to a fulminant systemic involvement (Hand-Schüller-Christian disease and Letterer-Siwe disease) [19] . The World Health Organization 2013 guidelines [6] prefer the use of the term Langerhans cell histiocytosis; however, the term eosinophilic granuloma often is used when the disease is limited to bone or lung. Bone involvement occurs in the majority of patients and can involve any bone of the body; monostotic disease is more common than polyostotic involvement. While the most common skeletal manifestations of Langerhans cell histiocytosis appear in the skull and spine, approximately 30% of lesions occur in the long bones [8, 19] . Although some lesions are asymptomatic, the patient may report pain in a localized area of bone; examination usually reveals a raised, soft, tender spot. Radiologic studies typically show an intramedullary, diaphyseal lytic lesion with endosteal scalloping without a break in the cortex or soft tissue mass. Cortical thinning, intracortical tunneling, and medullary widening often are seen on radiographs [19] . Sometimes an accompanying soft tissue mass is present. Occurrences of eosinophilic granuloma as a purely cortical lesion rarely are reported in the literature and are seen mainly in conjunction with multifocal disease [10] . To our knowledge, only one other case of a solitary surface eosinophilic granuloma has been reported [16] .
For an eosinophilic granuloma, treatment of a symptomatic solitary lytic lesion affecting a long bone is best accomplished by curettage of the affected site with or without implantation of allograft bone chips or injections of corticosteroids into the lesion. Spontaneous regression of lesions has been reported in multiple studies [4, 17, 22] . The lesions rarely recur after treatment, although it has been suggested that an eosinophilic granuloma in adults may represent a more aggressive form of the disease and be associated with a higher relapse rate [18] . In our patient, the lesion was treated by curettage. The patient did not receive any additional therapy and his pain resolved within 2 weeks of the procedure. He returned to normal physical activity after 4 weeks. Staging was completed with total body bone scan and chest radiographs to rule out other sites of involvement. A total body bone scan was used for staging since Langerhans cell histiocytosis usually has enhanced uptake on bone scan, thus it is more comprehensive than skeletal survey and it is more costeffective than positron emission tomography. Chest radiographs showed no pulmonary involvement and the bone scan confirmed no other sites of bony disease. He will be followed in the future with clinical history and physical examination and radiographs of the right femur. Presently, at 9 months followup, the radiographs show the lesion to be filled in with sclerotic bone and the patient has resumed all of his regular activities.
Our experience suggests that although Langerhans cell histiocytosis of the cortex is rare, it should be included in the differential diagnosis of bone tumors in children and adolescent patients. Early identification allows prompt treatment, which leads to resolution of the tumor and prevention of pathologic fractures.
